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Chapter 8 
 
NEW FIELD TEST FOR LEAD (PB2+) IN SOIL 
Ivars Jaunakais, Balaji Tatineni§, Maris Jaunakais 
Industrial Test Systems, Inc., 1875 Langston Street, Rock Hill, SC 29730.  
ABSTRACT 
Field tests for the detection of lead contamination in soil are not frequently accepted, since 
the tests are rather cumbersome to run or not reliable enough for screening determinations. We 
have developed a LEADQuick field test kit for the detection of lead in water with 3 µg/L 
sensitivity. This was modified to allow for the detection of lead in soil with sensitivity down to 
0.03 µg of lead. Using this field test, most organic and inorganic salt compounds of lead that can 
be readily extracted from the soil to Pb2+ state are detected. Since most lead salt compounds in 
soil are only slightly soluble in water (1 to 100 mg per liter), we have developed an extraction 
protocol with nitric acid and potassium nitrate. The solubility of the lead salts in the soil are 
adequate enough that a quick extraction procedure allows for soil lead levels to be determined 
without heated acid digestion. Experimental details, soil results testing data, and interference 
results will be presented that demonstrate the potential application of our extraction procedure 
and LEADQuick field test kit for soil lead monitoring. 
Keywords: Soil Reference Materials, Extraction, LEADQuick field test kit, Interference 
study, Standard addition method. 
1. INTRODUCTION 
Lead is a most troublesome environmental metal poison that has been responsible for large 
scale incidents of poisoning or potential poisoning in spite of many preventive steps that have 
been taken by governmental agencies. The principal target organ systems of lead poisoning are 
the blood, brain, nervous system, kidney and reproductive system. Acute exposure may result in 
shock, severe anemia, acute nervousness and irreversible brain damage. Lead poisoning may also 
cause a range of health effects, from behavioral problems and learning disabilities, to seizures 
and death. The lead is transferred into animals and human beings through the food chain systems 
of soil-plant-animal-human, causing severe contamination (Melaku et al., 2005; Prasad et al., 
2006). For many consumers lead is the first metal that comes to mind when metal poisoning is 
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mentioned. It was only reluctantly that government and industry accepted the dangers of lead in 
the 1900’s; and new laws and regulations were enacted to safeguard the consumer.   
In view of this, the extraction and detection of Pb2+ at very low concentration in the soil is 
critical for environmental monitoring. The extraction of lead from soil samples is most laborious 
and time consuming. Dry and wet ashing decomposition methods are the most common digestion 
procedures (Hoenig and Thomas, 2002) used for soil analysis. The dry ashing procedure requires 
very high temperature and is not suitable for field applications. In general, the wet digestion 
methods are the most common methods used for soil analysis. However, the selection of an acid 
or acid combination is very critical to obtain maximum extraction for the metal being analyzed 
(Hoenig and De Kersabiec, 1996). Among the acids, HCl alone can never used in soil analysis 
(Thompson and Nathanail, 2003), but HNO3 will digest many common metals either alone or in 
combination of some other acid. But some of these acids may interfere in the analysis of some 
metals. Gryschko et al., (2005) have studied the extraction efficiency of NH4NO3 and KNO3 on 
heavy metals and observed that the high ionic strength also decreases the activity of metal-OH+ 
species and the electrostatic potential of the particle surfaces, which in turn, increases the 
desorption of heavy metal cations from negatively charged soil surfaces. Basing on this result, 
we have used a mixture of HNO3 and KNO3 to study its effect on the extraction of lead from soil. 
We have observed that the extraction efficiency for lead is high when using HNO3 and KNO3 
and optimized its concentration for further studies. 
Although analytical techniques (Jones and Szutka, 1966; Li et al., 2004; Tarley and Arruda, 
2005; Ostrega and Piekarska, 2005) such as atomic absorption or atomic emission spectroscopy, 
voltametry etc., are currently used for the detection of Pb2+, there is still a significant need to 
provide inexpensive and remote monitoring methods for on-site detection of this highly 
deleterious element in the soil. In view of this, currently emphasis was placed on the 
development of field test kits for the detection of toxic ions which offer high sensitivity, short 
response time and selectivity for remote identification (Wang et al., 2002; Metivier et al., 2004). 
Among these, colorimetric test kits allowing onsite, real-time qualitative or semi-quantitative 
detection without the use of any complicated spectroscopic instrumentation are particularly 
attractive (Palomares et al., 2004; Liu and Lu, 2004). Recently, we have developed a field test kit 
for the detection of lead in water (Jaunakais and Anand, 2008) and applied it for the detection of 
extracted lead from the soil. 
2. MATERIALS AND METHODS 
2.1  Materials 
US-EPA Certified soil reference materials (RM) were collected from Resource Technology 
Corporation, WY, USA and used for detection of lead. The certified compositions of the various 
elements are given in Table 1. The 1000 and 10 ppm of lead standard solutions were procured 
from Ricca Chemical Company and Hach, USA. Nitric acid, Potassium Nitrate and Sodium 
Hydroxide chemicals were obtained from Sigma-Aldrich, USA. Stock solutions of various 
anions and cations were prepared by taking appropriate amounts of sodium salt of anions  
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Table 1. Certified values of the soil standard reference materials used in the analysis 
S. 
No 
 
SES 
Volume 
(S), µl 
SES (µl ) + 
spiked  Pb con. 
(ppb), (Sp)  
OD (S) 
Abs. 
OD (Sp) 
Abs. 
Con. 
of sample 
(mg/kg) 
Con. of  
spike sample 
(µg/l) 
Reference 
value 
(mg/kg) 
% 
recovery 
S1 
 
5 
10 
20 
100 
5+100 
 
100+100 
-.614 
-.870 
-1.44 
-1.72 
-.720 
 
-1.46 
24634
0 
17515
0 
High 
High 
510 
 
High 
144742 74 
S2 
 
100 
200 
500 
750 
1000 
100+100 
200+80 
500+80 
750+80 
1000+80 
-.039 
-.084 
-.231 
-.347 
-.462 
-.164 
-.181 
-.330 
-.472 
-.588 
762.7 
734.5 
875.7 
919.1 
926.6 
113 
130 
230 
331 
415 
1447 98 
98 
93.7 
108.7 
108.7 
S3  100 
200 
500 
1000 
100+100 
200+100 
500+100 
1000+80 
- 
- 
- 
- 
-.123 
-.101 
-.076 
-.068 
- 
- 
- 
- 
81 
63 
48 
42 
5194.8 81 
63 
48 
53 
S11  200 
500 
1000 
1500 
2000 
200+100 
500+100 
1000+100 
1500+100 
2000+100 
- 
- 
- 
-.003 
-.009 
-.120 
-.104 
-.108 
-.076 
-.090 
- 
- 
- 
- 
11.5 
75 
65 
67 
48 
56 
7.13 75 
65 
67 
45 
45 
S12  200 
500 
750 
1000 
200+100 
500+100 
750+100 
1000+100 
- 
-.007 
-.016 
-.022 
-.137 
-.134 
-.139 
-.142 
- 
33.5 
57.9 
56.8 
88 
86 
89 
91 
60.6 88 
81 
76 
74 
S13  100 
200 
300 
500 
100+100 
200+100 
300+100 
500+100 
- 
-.008 
-.027 
-.057 
-.135 
-.136 
-.159 
-.185 
- 
88.3 
235.4 
268.4 
88 
88 
105 
128 
132 88 
83 
85 
90 
SES = Soil Extracted Solution; OD = Optical Density. 
and chloride salt of cations. Unless indicated, analytical reagent grade chemicals and lead free 
water were used throughout the experiment. The extracting mixture (HNO3 and KNO3) used to 
extract lead from the soil is designated as Pb-1-P and NaOH is designated as Pb-2. 
The lead concentration in the soil extracted samples was measured in a 10 ml glass vial using 
Hach LeadTrakTM Pocket ColorimeterTM II. The pH of the samples was measured using Jenco 
model 6171 microcomputer based bench pH meter. Small size spatulas from Measurex, USA 
were used to collect the soil material for the extraction. Our results indicate that the weight of 
one scoop of soil varies from 0.14 to 0.2 grams. 
2.2  Extraction Method 
One level scoop (0.1 ml volume scoop, which holds approximately 0.14 grams) of soil 
sample was added to a 50 ml plastic graduated conical tube.  Twenty drops of reagent Pb-1-P 
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was added. The material was swirled for a few seconds or until all soil is suspended and mixed 
well.  After a five minute extraction, the volume of the sample was adjusted to 50 ml using lead 
free tap water; the tube was capped, mixed, and identified as the Soil Extracted Solution (SES). 
Analysis of the SES by the test method below was performed after a one minute wait to allow the 
soil to settle.  This methodology was followed for all soil materials. 
2.3  Test Method 
Standard test method is as follows 
1. Add 200 µl of SES to a clean glass 10 ml sample cell.   
2. Fifteen (15) drops of Pb-2*  are added to the 10 ml sample cell and the cell volume is 
adjusted to 10 ml using lead free tap water.  
3. The exterior of the sample cell is dried and cleaned with tissue paper. The sample cell is 
placed into the cell holder of the Hach LeadTrakTM Pocket ColorimeterTM II. The meter is 
turned on and the absorbance mode is selected.  
4. One eXact® Strip Pb-3 is dipped into the cell with gentle back and forth motion for 20 
sec. The strip is removed from the sample and discarded, followed by a 60 second wait.  
5. While waiting, the sample cell is covered with the instrument cap. At the end of 60 
second wait, the zero/scroll key is pressed to make the absorbance ‘Zero’.   
6. One eXact® Strip Pb-4 is dipped into the cell with gentle back and forth motion for 20 
sec. The strip is removed from the sample cell and discarded, followed by a 60 second 
wait.  
7. While waiting, the sample cell is covered with the instrument cap. At the end of 60 
second wait time, the read/enter key is pressed.  
8. The measured absorbance is recorded and from the conversion chart the concentration of 
the lead is determined and recorded.  If no lead is found then 1000 µl or 2000 µl of the 
SES is used for lower detection.  If the Lead level is above maximum detection range 
then the sample is retested using 5 or 10 µl sample.   In this case, the dilution factor is 
used when calculating the lead value.  
2.4  Spiked Recovery Test Method   
This is also referred to as the Standard Addition method and is used to verify the accuracy of 
the results. The percentage of recovery is calculated using the following formula: 
% Recovery = 100(Cs-Cu)/K 
Here: Cs = Concentration of the spiked sample found 
Cu = Concentration of the Un-spiked sample found 
K = Concentration of the spike added to the sample 
The results for the reference materials along with spiked data are given in table 2.  
 
* Note: For samples of 1000 µl or more, 20 drops of Pb-2 are used.  For samples less then 100 µl, 
10 drops of Pb-2 are used.  This adjustment difference is made to correct for pH effect in the 
sample cell solution. The final pH of the solutions varied from 9.2 to 10.4. 
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2.5 Interferences Study 
A study was performed to determine the interferences that may occur and the determinations 
were made with and without SES present. To summarize this interference study: 
2. First, the interference ion study used 200 µl of S2 SES. The S2 sample was used since the 
spiked recovery test method as seen in Table 2, gave 98% recovery when the 200 µl 
sample size is used.  Even when 1000 µl was used for this testing the recovery was 
108.7%, which would suggest only a small positive interference.  The addition of one 
interfering ion at a time was used.  
3. Deionized water was spiked with a lead level of 100 µg/L and was used for a second 
confirmation of the level of interfering ions.   
The ion interference level is identified where a positive or negative recovery above 120% or 
below 80% is confirmed, respectively. 
 
3.  RESULTS AND DISCUSSION 
The soil analysis results indicate that our extraction procedure was very simple and will be 
highly useful for field detection. Our extraction procedure has many advantages in terms of 
selectivity, simplicity, speed and cost effectiveness compared to other reported methods (Prasad 
et al., 2006; Gryschko et al., 2005; Chrastny, 2008; Tuzen, 2003) such as microwave, EDTA 
extraction, dry ash and wet ash digestion methods. In addition, our method uses less sample and 
reagent as compared to conventional digestion methods, thereby reducing waste and enhancing 
operator safety.  
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Table 2. Determination of lead in Soil Reference Materials along with lead % recovery results 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
NR = Not Reported 
 
The analysis of soil RMs was carried using 10 µl to 2000 µl of SES following the test 
procedure. The data in Table 2 indicates that for high lead concentration of soil RM (ex – S1), 
we have to take very low volume (10 µl) of S1, where as for very low concentration of soil RM 
(ex- S11 and S12) we have to use 1000 to 2000 µl of SES. Very importantly, the data in Table 2 
and Figure 1 indicates that using our extraction procedure and field test strip kit, we can detect 
very low concentration of lead (7 mg/kg) in wide range of soil. The sensitivity of our method 
was very high, with a detection limit much below the permissible USEPA level of 400 mg/kg. 
The precision of our results was verified by analyzing replicate samples and found to be 
excellent. Basing on the data in Table 2, we have optimized to use 200 µl of SES for further 
studies. Lead was not detected for soil S3 and was detected for spiked samples (Table 2 and 
Ion Reference value (mg/kg) 
 S1 S2 S3 S11 S12 S13 
Al 2725 7637 1750 4811 10600 5320 
As 24.8 339 397.4 13.1 129 148 
Ba 586 1839 22.3 56.1 220 61.4 
Be 0.18 0.33 NR 5.97 2.55 5.38 
B 13.8 17.2 NR 5.29 48.4 67.8 
Ca 5426 28320 25584 14184 13500 14300 
Cd 1.19 369 20.8 58.4 89.2 254 
Co 2.7 4.07 7 NR 95.2 67.1 
Cr 10.7 441 13.2 43.8 105 41 
Cu 4792 7.76 753.3 5.68 95.5 66.4 
CN- NR NR NR 10.4 NR NR 
Fe 6481 9439 191645 8315 11800 8210 
F- NR NR NR 29.4 NR NR 
Pb 144742 1447 5194.8 7.13 60.6 132 
Hg 4.68 99.8 1.2 6.55 6.45 27.9 
Mg 2367 4376 2832.3 2466 4180 2590 
Mn 174 173 969.4 127 248 138 
Mo NR <0.8 NR 8.78 58.3 87.4 
Ni 12.6 12.2 15.9 6.63 56 119 
K 1006 1992 856.5 1476 3140 3558 
Se NR 518 NR 18.5 88.9 16.2 
Si NR 171 NR 169 NR NR 
Ag 6.52 132 34.2 0.04 0.78 0.335 
Na 380 313 75.9 997 109.9 1952 
Sr NR 408 24.7 54.4 NR NR 
Sn 304 NR NR NR 386 183 
Sb 4955 < 3.2 NR 2.32 79 1.59 
Th 0.6 < 4.8 NR NR 33.1 0.347 
V 8.66 19.3 NR 29 112 23.3 
Zn 546 51.8 3021.7 74.8 227 18.2 
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Figure 1). This shows that the high concentration of coexisting ions are not interfering in the 
spiked sample detection and indicates that our extraction protocol was not strong enough to 
break the lead complexes from the soil. 
The spiked recovery experimental results (Table 2) show that the percentage of recovery for 
S2, S12 and S13 varied from 74 to 108.7%. The percentage of recovery for the remaining 
samples in Table 2 indicates that using low volume of sample solution the percentage of 
recovery varied from 74 to 81%. The data also specifies that with the increase in the volume of 
SES, the percentage of recovery generally decreases. This is due to increasing the concentration 
of coexisting ions in the test solution, which affects on lead detection.  
The effect of diverse ions on lead detection was examined following the optimized protocol 
in Deionized water (DI) and for S2 SES. The results in table 3 show that no interference was 
found for sulfate and chloride. We have observed positive interference for Cd(II), Cu(II) and 
Hg(II) and negative interference for the remaining ions. For DI water testing, Sn(II), Cd(II), 
Hg(II), Fe, Mn(II) and Cr(VI) interfere at low concentration. The other studied ions interfere at 
high concentration only. The interference data for S2 SES shows that all of the studied ions 
interfere at low concentration compared to the same ions studied in DI water test solution. This is 
due to the presence of coexisting ions in the soil RMs.    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
10
100
1000
10000
100000
1000000
S1 S2 S3 S11 S12 S13
Sample 
Le
ad
 c
on
ce
nt
ra
tio
n 
(m
g/
kg
)
Certified
Reported
Figure 1: Comparison of reported lead concentration with certified data using 200 µl 
of SES (Soil Extracted Solution) 
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4.  CONCLUSION 
In conclusion, these studies show that using 200 µl of soil test solution, we can detect as low 
as 132 mg/kg of lead with 83% of recovery. Using 500 and 2000 µl of Soil Extracted Solution, 
detection is lowered to 60 and 7 mg/kg of lead, respectively. This study has confirmed that the 
LEADQUICK field test kit can be successfully used for the on-site screening of lead in soil 
samples. The kit demonstrates high reliability, minimal interference, and detection limits well 
below the maximum levels permissible by the USEPA and WHO. Indications are that this type 
of extraction protocol and field test kit has potential application for the analysis of lead arsenate 
which, until 1988, was used as a pesticide in apple orchards to prevent ravages of insect damage 
(Environews, 2006). 
 
Table 3.  Dissolved ions that interfere with Lead detection 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Soil S2 testing Drinking water testing 
Ion Interference 
level (mg/kg) 
Type of 
Interference 
Interference 
level (mg/L) 
Type of 
Interference 
Al(III) 2 Negative 6 Negative 
Cd(II) 0.006 Positive 0.02 Positive 
Co(II) 5 Negative 13 Negative 
Cr(VI) 0.2 Negative 0.6 Negative 
Cu(II) 5 Positive 10 Positive 
Cl- >500 None >500 None 
Fe(II) 0.1 Negative 0.5 Negative 
Fe(III) 0.2 Negative 0.2 Negative 
Hg(II) 0.05 Positive 0.02 Positive 
Mg(II) 150 Negative 200 Negative 
Mn(II) 0.35 Negative 0.45 Negative 
Mo(VI) 20 Negative 80 Negative 
Ni(II) 1 Negative 35 Negative 
PO43- 0.5 Negative 16 Negative 
Sn(II) 0.5 Negative 0.8 Negative 
SO2-4 > 750 None >750 None 
V(V) 2 Negative 6 Negative 
Zn(II) 3 Negative 8.5 Negative 
Proceedings of the Annual International Conference on Soils, Sediments, Water and Energy, Vol. 14 [2009], Art. 9
https://scholarworks.umass.edu/soilsproceedings/vol14/iss1/9
New Field Test for Lead 95
 
 
 
5.  ACKNOWLEDGEMENT 
The authors would like to thank Mr. Howard Ray for critically reviewing the manuscript. 
6. REFERENCES 
Chrastny. V.,  Komarek. M., Jrovcova. E., and Stichova. J. 2008. International Journal of Environmental Analytical Chemistry, 
88(6), 385-396.  
Environews: Focus–The Apple Bites Back: Claiming Old Orchards for Residential Development, 2006. Environmental Health 
Perspectives, 114(8), A470-A478. 
Gryschko. R., Kuhnle. R., Terytze. K., Breuer. J., and Stahr. K. 2005. J. Soils and Sediments, 5(2), 101-106. 
Hoenig, M., and De Kersabiec, A.M. 1996. Spectrochim Acta, B51, 1297. 
Hoenig, M., and Thomas, P. 2002. Techniques De l’ingénieur, P5(8), 1450. 
Jaunakais, I., and Anand, S.M. 2008. US Patent No. 7,333,194 B2. 
Jones, R.A., and Szutka, A. 1966. Anal. Chem., 38(6), 779-781. 
Ostrega, K. B., and Piekarska, J. 2005. Electroanalysis, 17(9), 815-  818.     
Li, Z.J., Tang, J.A., and Pan, J.M. 2004. Food Control, 15(7), 565-570. 
Liu, J., and Lu, Y. 2004. J. Am. Chem. Soc. 126, 12298-12305. 
Melaku, S., Dams, R., and Moens, L. 2005. Anal. Chim. Acta, 543, 117-123. 
Metivier, R., Leray, I., and Valeur, B. 2004. Chem. Eur. J. 10, 4480-4490. 
Palomares, E., Vilar, R., and Durrant, J.R. 2004.  Chem. Commun., 362-363. 
Prasad, K., Gopikrishna, P., Kala, R., Prasada Rao, T., and Naidu, G.R.K. 2006. Talanta, 69, 938-945. 
Tarley, C.R.T., and Arruda, M.A.Z. 2005. Analytical Letters, 38 (9), 1427-1443. 
Thompson, K.C., and Nathanail, C.P. 2003. Analytical Chemistry Series:  Chemical Analysis of Contaminated Land, CRC Press. 
Tuzen, M., 2003. J. Trace Microprobe Tech., 21, 513.  
Wang, X., Drew, C., Lee, S.H., Senecal, K.J., Kumar, J., and Samuelson, L.A. 2002. Nano Letters, 2(11), 1273-1275.  
 
Jaunakais et al.: New Field Test for Lead
Produced by The Berkeley Electronic Press, 2009
